Communicated October 13, 1928 According to Wentzel's' wave mechanical theory of modified x-ray scattering and also according to Jauncey's2 classical-quantum theory of the same effect (though not explicitly so stated by Jauncey), the modified scattered x-radiation is regarded as due to many Smekal transitions3 in each of which the initial state of the electron is a discrete negative energy level and the final state is one of the continuum of positive energy levels. In both of these theories the shifted "line" is predicted as a diffuse band, the diffuseness being due to the momenta of bound electrons in the dynamic atom model. Indeed, the natural breadth of the Compton modified line can be regarded as a Doppler broadening for x-rays scattered by moving electrons in much the same way as the temperature broadening is regarded in the case of optical spectra. The broadening of the Compton line is the most direct evidence for a dynamic atom model yet found. The structure of the line can be interpreted in such a way as to give the probability distribution of electron momenta in atoms. The breadth for circular orbits should be proportional to the effective atomic number of the scatterer.
In order to determine the natural structure of the Compton modified line it is necessary to first minimize an experimental cause for the breadth of Ithe line which is ordinarily superposed upon the natural breadth so as to mask the latter. This cause is the unavoidable inhomogeneity of scattering angle. The x-radiation incident upon the scattering material Vo;. 14, 1928 87-5 must be somewhat divergent, for the more divergent the cone of incident x-rays the more primary energy available for the very wasteful scattering process. The scattered x-rays must be sensibly parallel if they are to be analyzed spectroscopically by a crystal. Hence the unavoidable inhomogeneity of scattering angle. There results a corresponding inhomogetLeity of shift since the shift is related to scattering angle by the h formula X' -X =.
-(1 -cos 0). A minimum inhomogeneity of shift Mc due to inhomogeneity of scattering angle occurs when 0, the scattering angle is in the vicinity of 1800 where the expression above has an analytic maximum. Scattering at 180°presents, moreover, the advantage of a maximum shift. Also the predicted natural breadth of line is a maximum for 1800 scattering angle.
To facilitate scattering at this large angle and also to permit bringing the scattering material close to the source of primary x-rays so as to increase incident intensities and reduce the necessarily rather long exposure time, a special tube4 was constructed containing the scattering material and the Seeman crystal spectrograph in a small box supported on the end of the standard Coolidge water-cooled molybdenum target. The primary radiation leaves the target at a small angle to its surface and the scattered radiation returns in a line parallel to that surface about a millimeter away.
The scattering angles vary from 1700 to 1780, a large proportion of scattering being at 1760. The increase in the natural line breadth should be less than 1 X.U. Great care was taken in designing the geometry of the box to avoid observing any radiation other than that coming from the scattering block. The analyzing crystal was a tiny piece of quartz (used for its heat-resisting properties). The resolution of the spectrograms is good as can be seen by the width of lines other-than the Compton line. An analysis of some of the negatives with the microphotometer yielded the experimental curves shown. The theoretical curves were computed with the help of Jauncey's theory and reasonable assumptions as to electronmomentum distribution.
The correspondence between observed and calculated line structure for scattering by aluminum (Z = 13) is good. However, the experimentally found distribution for beryllium (Z = 4) is wider than theory predicts. 
